OBJECTIVE -Hispanics have higher rates of diabetes and diabetes-related complications than do non-Hispanic whites. A meta-analysis was conducted to estimate the difference between the mean values of A1C for these two groups.
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E thnic minorities in the U.S. are disproportionately affected by diabetes (1). For adults Ն18 years of age, the age-adjusted prevalence of diagnosed diabetes is 10.5% for Hispanic or Latino individuals compared with 6.8% for nonHispanic whites (1). The Hispanic population is the fastest growing minority group in the U.S., and Hispanics have a higher lifetime risk of diabetes than do non-Hispanic whites (2,3). Diabetes has a major adverse impact on life years and quality-adjusted life years in all U.S. subpopulations, with an even greater impact among minority individuals including Hispanics (3). Specifically, Hispanics have higher rates of many diabetes complications such as retinopathy, neuropathy, and lower leg amputations than do non-Hispanic whites (4 -9).
Improvements in glycemic control have been shown to prevent microvascular complications, and large trials have demonstrated the need for glucose control among patients with diabetes (10,11). Literature reviews have suggested that A1C is higher among minority populations than among nonminority populations, and a previous metaanalysis confirmed higher levels of A1C among African Americans than among non-Hispanic whites (12, 13) . Factors that may underlie lack of A1C control include language barriers, inadequate access to care, lack of insurance coverage, low socioeconomic status, quality-of-care factors, self-care behaviors, and biological differences (14, 15) . Variance in A1C between populations may be due to poor control and/or biological differences across ethnic groups.
Although a number of studies varying in size and design have shown ethnic differences in glycemic control between Hispanics and non-Hispanic whites, to date there has not been a systematic analysis of these data. We reviewed the literature (1993-July 2007) for studies in which comparisons between these populations were made and conducted a metaanalysis using standardized statistical methods. This time period was selected because the A1C measurement, a marker of attachment of glucose to the erythrocyte over the previous 3 months, became more standardized over the past 10 -15 years. Hispanic refers to populations who trace their origin to Spain or a Spanishspeaking country. We used this criterion for defining Hispanic populations in this article and restricted our focus to such populations residing in the U.S.
RESEARCH DESIGN AND METHODS

Identification of studies
We conducted a MEDLINE search in PubMed, using Medical Subject Heading (MeSH) terms and restricted the search to entries from 1993 through July 2007. We used the search terms "Diabetes Mellitus" (MeSH) or "Diabetes Mellitus, type 2" (MeSH) and "Hemoglobin A, Glycosylated" (MeSH) and "Hispanic Americans" (MeSH) or "Mexican Americans" (MeSH). The MeSH term "Hispanic Americans" when exploded includes Hispanic Americans, Spanish Americans, Cuban Americans, Hispanics, Latinos, and Puerto Ricans. We applied the limits "All Adult, Ն18 years of age," and "English language." We initially retrieved 1,271 abs t r a c t s a n d e v a l u a t e d t h e m f o r applicability to the project. Publications accepted had to include patients with diabetes and contain comparative data for both Hispanics (of any area) and nonHispanic whites. We rejected abstracts that included patients with gestational diabetes or pre-diabetes. However, we accepted studies that included both type 1 and type 2 diabetes. We collected additional references from bibliographies of reviews, original research articles, and other articles of interest. Web of Science, Cumulative Index to Nursing and Allied Health, the Cochrane Library, Combined Health Information Database, and Education Resources Information Center were databases that we also searched. A total of 495 abstracts were applicable to the project.
A variety of study designs were found (Table 1) . If the SD of the A1C was not reported or could not be obtained from the authors, we did not include the study in the meta-analysis. We accepted authorreported data only if we were assured by written communication that the information was obtained from the original computerized dataset. If a study was an intervention trial, it was excluded because of potential selection bias in patient recruitment. If there was more than one publication from the same database, we accepted the most recent data file that was published.
Data extraction
Two investigators (J.K.K. and R.A.B.) independently reviewed each study for the following data: 1) sample size (N), 2) mean and SD of participants' age, 3) number of men and women, 4) A1C mean and SD, 5) geographic location of the research, and 6) study design. Figure 1 shows a flow diagram of the literature review. Eleven studies (16 -26) contained glycemia-related data for Hispanics and non-Hispanic whites including A1C mean value and SD (Table 1 ). For three of the studies (15, 17, 18) included in this meta-analysis, the authors personally provided A1C data or SDs.
Statistical analysis
A primary meta-analysis was conducted on the 11 studies (16 -26) . Six individual meta-analyses were conducted on subsets including study type (cohort and crosssectional studies), method of data collection (chart review and blood sampling), and care type (managed or nonmanaged). Baseline data are summarized in Table 1 for the 11 studies that met the inclusion criteria. Individual meta-analyses were conducted on the subsets to judge the sensitivity of the results and justify the conclusions of the primary analysis. In addition to the meta-analyses performed in the subsets, two additional analyses were done to further examine the effect of age or BMI on A1C differences between Hispanics and non-Hispanic whites. Without patient-level data, the summary meta-analysis could not be adjusted for possible confounding effects of age and BMI. The first of these two additional meta-analyses was done on the subset of studies in which there were no differences in age between the two groups. The second analysis was done on the subset of studies in which there was no difference in BMI between the two groups (Table 1) . A mean difference in A1C was calculated between Hispanics and non-Hispanic whites. For each study, a 95% CI was calculated.
Homogeneity of the effect sizes across studies was first assessed using a 2 test to determine whether a fixed-or randomeffects approach should be implemented. A fixed-effects approach treats the set of studies as homogeneous and considers them representative of all potential studies of interest, whereas the random-effects approach treats the studies as heterogeneous and considers them to be a sample from a population of comparable studies. The homogeneity test results indicated the use of random-effects models in five of the seven meta-analyses. As the more conservative approach to meta-analyses, random-effects models were used in all seven cases. All tests of effect were two sided, and P Ͻ 0.05 was considered to be statistically significant.
RESULTS -Differences existed in the age of participants across studies, but most included patients Ͼ50 of age (Table  1) . Four studies designated the population as Hispanic, three as Mexican American, and two as Latino. Four studies were done in a managed care setting; five used chart review, and six used blood sampling to obtain A1C data (Table 1) . BMI and age were reported for 10 of the 11 studies. Statistical comparison of mean age between non-Hispanic whites and Hispanics showed no difference in age in five of the studies. The same comparison for BMI resulted in no difference between the groups in six of the studies. Two separate additional meta-analyses were performed including only these five and six studies, respectively.
One of the 11 studies indicated significantly higher A1C levels in Hispanics than in non-Hispanic whites (Fig. 2) . Each meta-analysis resulted in statistically significant differences in A1C levels between Hispanics and non-Hispanic whites. The summary mean A1C (%) difference size was Ϫ0.46 (95% CI Ϫ0.54 to Ϫ0.39), which indicated that nonHispanic whites had A1C values that were ϳ0.5% below those of Hispanics (Fig. 3) . The mean differences were similar regardless of study design. The estimated mean difference for cross-sectional studies was Ϫ0.52 (Ϫ0.71 to 0.32) and for prospective cohort studies was Ϫ0.40 (Ϫ0.42 to Ϫ0.37). Similarly, when studies were divided into two groups according to data collection type, the mean A1C (percent) differences were consistent with the results from the summary analysis. Studies in which the A1C values were collected from chart reviews had a mean difference of Ϫ0.45 (Ϫ0.55 to Ϫ0. 35) , and studies in which the values were obtained from baseline blood sampling had a mean difference of Ϫ0.55 (Ϫ0.59 to Ϫ0.51). For managed care studies the mean difference was Ϫ0.38 (0.43 to Ϫ0.33), and for nonmanaged care it was Ϫ0.57 (Ϫ0.78 to Ϫ0.36). The supporting analysis, including only studies in which there was no difference in age, had a mean difference of Ϫ0.48 (Ϫ0.63 to Ϫ0.33). Likewise, the analysis including only studies in which there was no difference in BMI had a mean difference of Ϫ0.50 (Ϫ0.70 to Ϫ0.30). Both results support the primary metaanalysis and indicate that despite differences in age or BMI between nonHispanic whites and Hispanics in some studies included in this analysis, the differences in A1C are persistent.
CONCLUSIONS -This meta-analysis shows that, in general, A1C is higher in Hispanics than in non-Hispanic whites with an overall mean A1C difference of 0.5%. The consistency of the findings is notable. This meta-analysis combined 11 studies to evaluate the overall mean difference. For the studies that were excluded but that reported A1C above target thresholds (i.e., Ͼ7%), glycemic control was worse among Hispanics than among non-Hispanic whites (27) (28) (29) (30) (31) (32) . The strengths of this analysis are its inclusion of a variety of study designs, the ability to examine A1C differences by study type, data collection methods, and care type, and the use of previously unpublished data (15, 17, 18) .
The reasons for the disparity in A1C found in this meta-analysis are not well established in the literature. Hispanic patients with diabetes have been reported to have a higher prevalence of cardiovascular disease risk factors than non-Hispanic whites (4 -6). Differences in biology, access to care, insurance status, and adherence to diabetes treatment regimens (medication, nutrition, behavior, and others) are all plausible explanations of the disparity. Beliefs about diabetes common among Hispanics may also result in behaviors that limit diabetes selfmanagement (33) (34) (35) . A recent comparison of 2004 Behavioral Risk Factor Surveillance System data for Hispanics and non-Hispanic whites indicates that Hispanics have lower quality of diabetes care (36) .
A limitation to the analysis is publication bias. However, we performed numerous searches on this topic and contacted multiple investigators to retrieve unpublished data on A1C means and SDs. The heterogeneity of the studies adds to the limitations of the analysis in that individuals classified as Hispanic have a variety of places of origin. In some studies, Hispanics (20) were likely to be recent migrants from Mexico and Central America, whereas others (17) included Spanish-speaking populations who have been in the U.S. for a considerable length of time. Nevertheless, results are probably generalizable to Hispanic and non-Hispanic white adult patients with type 2 diabetes because the data included a broad range of patient ages, geographic settings, and study types. Another limitation to this meta-analysis is that despite the comprehensive review of abstracts, the potential for omission exists if an abstract initially reviewed through our search process did not specifically address racial disparities.
The results of this meta-analysis, however, depend in part on the accuracy, standardization, and reliability of the A1C measurement across studies. A recent evaluation of ethnic differences in A1C among patients in the Diabetes Prevention Program with impaired glucose tolerance indicated that hemoglobin glycation or red cell survival may differ among ethnic groups (37) . Additionally, the relationship between A1C and complications related to medical costs has been investigated using a computersimulated model in individuals with type 2 diabetes developed by the National Institutes of Health (38). Using this model, Hispanics had the highest predicted complication rates and the highest predicted costs for eye disease, renal disease, and neuropathy/lower extremity amputation.
Although the studies included in our analysis used a variety of designs, a consistency in the degree of disparity of glycemic control was found regardless of study type. Multiple separate metaanalyses were conducted across study types (prospective cohort, crosssectional, or retrospective chart review). Additional meta-analyses were also performed according to whether A1C data were collected by blood sampling or obtained post hoc from medical chart review and by sex, with all resulting in the same outcome. Hispanics with diabetes have an ϳ0.5% higher A1C across studies. Of note is the fact that a 1% reduction in A1C has been correlated with an estimated 21% reduction in vascular complications (39). For this meta-analysis, an estimated reduction would correspond to about a 10.5% decreased risk. The reported findings are significant because ethnic disparities in glycemic control may be directly related to vascular outcomes.
Future researchers should focus not only on discovering the source of disparities in glycemic control that exist between minority populations and nonHispanic whites but also on reducing these disparities-specifically, how much of these disparities is due to biological differences, types of lifestyles, health care access and utilization, or socioeconomic factors. Although an overall 0.5% difference in A1C among studies between Hispanics and non-Hispanic whites was found, the largest difference in A1C was among the nonmanaged care group of studies. These data suggest that Hispanic patients with diabetes in nonmanaged care settings are different with regard to A1C values. Potential fragmented care, access to care, and quality of care should be further evaluated in this population.
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